Abstract-In this work, we proposed a multiuser relaying strategy for a cooperative network with multiple sources sharing the radio resource provided by the cooperative relays simultaneously. Different from the existing work, the set of relays forwards signals of all source users over a common channel to enhance spectral efficiency. With full channel information available at relays, the set of sub-optimal precoders and decoders was proposed in terms of average SNR of all users, subject to eliminating the multiple access interference (MAl) at each destination and satisfying total power constraint among all relays. It shows from the simulation results that, compared with the conventional cooperative strategy and direct transmission, the proposed scheme provides pronounced improvement on the outage capacity.
I. INTRODUCTION
Cooperative communication [1]- [3] has been investigated extensively for the intelligent resource-sharing among the mobile users equipped with single antenna to combat channel fading by exploiting the spatial diversity. The cooperating users serve as relay to provide alternative transmission paths and form a virtual antenna array to enhance the signal reception at the destination with well coordination. Among the forwarding methods of the relay nodes, amplify-and-forward(AF) and decode-and-forward (DF) [2] are the most popular because they are easy to design and implement. In the existing work, the cooperating strategies resource allocations among users focus mostly on the case with single source/desination pair [3] . With multiple relays forwarding signals simultaneously, one may adopt the transmit diversity techniques, e.g. transmit beamforming, selective relaying or distributed space-time coding to achieve diversity gain. If multiple source nodes would like to leverage the spatial diversity of the cooperative networks, the resource provided by a set of relay nodes was usually allocated in an orthogonal manner over the time domain [4] or frequency domain. For the cases described above, it usually takes two-phase transmissions for the source and relays to transmit a common message. Although full diversity order can be achieved with proper cooperative strategies, the transmission rate is reduced by one half.
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To enhance the spectral efficiency in cooperative networks with multiple sources, the cooperative strategy that allows the set of relays to forward all sources' symbols over a common channel was studied in [6] . The precoders at the relays is based on zero-forcing criterion to eliminate multiple access interference for all users. Nevertheless, it demands a large number of relays to satisfy the zero-forcing criterion. More specifically, the number of relays has to exceed K(K -1), where K are the numbers of sources, and it is practically hard to satisfy the condition. In this work, we proposed an sub-optimal strategy to find the precoders at the relays and decoders at the destinations for the network with K source-destination pairs and L relays. The set of relays forwards all sources' symbols over a common channel. In our schemes, each destination overhears the signals transmitted by all sources in order to eliminate the the inference from the undesired users contained in the signal forwarded by the relays. With spending relatively small energy for extra signal reception, the zero-forcing criterion can be achieved with arbitrary number of relays. Moreover, the set of relays can be regarded as a virtual antenna array, and the system structure from the set of relays to all destinations is similar to the downlink in cellular systems where the base station is equipped with multiple antennas. The channel from the set of relays to each destination is multi-dimensional in the spacial domain. Utilizing the degrees of freedom provided in the spatial domain, the set of precoders and decoders can be optimized in terms of maximal average SNR at sources' symbols subject to satisfying the zero-forcing criterion and total power constraint at relays. However, it is intractable to deal with the optimization problem. Thus, the sub-optimal solution is provided in the manuscript. Since multiple users share the set relays simultaneously, it is not obvious that how much diversity gain can be attained for each source. With computer simulations, it is observed that, although the proposed scheme is not able to achieve full diversity order, it provides significant improvement on the outage capacity. Abstract-In this work, we proposed a multiuser relaying strategy for a cooperative network with multiple sources sharing the radio resource provided by the cooperative relays simultaneously. Different from the existing work, the set of relays forwards signals of all source users over a common channel to enhance spectral efficiency. With full channel information available at relays, the set of sub-optimal precoders and decoders was proposed in terms of average SNR of all users, subject to eliminating the multiple access interference (MAl) at each destination and satisfying total power constraint among all relays. It shows from the simulation results that, compared with the conventional cooperative strategy and direct transmission, the proposed scheme provides pronounced improvement on the outage capacity.
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To enhance the spectral efficiency in cooperative networks with multiple sources, the cooperative strategy that allows the set of relays to forward all sources' symbols over a common channel was studied in [6] . The precoders at the relays is based on zero-forcing criterion to eliminate multiple access interference for all users. Nevertheless, it demands a large number of relays to satisfy the zero-forcing criterion. More specifically, the number of relays has to exceed K(K -1), where K are the numbers of sources, and it is practically hard to satisfy the condition. In this work, we proposed an sub-optimal strategy to find the precoders at the relays and decoders at the destinations for the network with K source-destination pairs and L relays. The set of relays forwards all sources' symbols over a common channel. In our schemes, each destination overhears the signals transmitted by all sources in order to eliminate the the inference from the undesired users contained in the signal forwarded by the relays. With spending relatively small energy for extra signal reception, the zero-forcing criterion can be achieved with arbitrary number of relays. Moreover, the set of relays can be regarded as a virtual antenna array, and the system structure from the set of relays to all destinations is similar to the downlink in cellular systems where the base station is equipped with multiple antennas. The channel from the set of relays to each destination is multi-dimensional in the spacial domain. Utilizing the degrees of freedom provided in the spatial domain, the set of precoders and decoders can be optimized in terms of maximal average SNR at sources' symbols subject to satisfying the zero-forcing criterion and total power constraint at relays. However, it is intractable to deal with the optimization problem. Thus, the sub-optimal solution is provided in the manuscript. Since multiple users share the set relays simultaneously, it is not obvious that how much diversity gain can be attained for each source. With computer simulations, it is observed that, although the proposed scheme is not able to achieve full diversity order, it provides significant improvement on the outage capacity. i.e., resource. Since the destinations have different location, the channel from the set of relays to each destination has a vector form with dimension L . The degree of freedom in spatial domain can be further exploited to provide an efficient transmission. In this work, we propose a multiuser relaying scheme where the set of relays forward signals for all sources simultaneously over a common channel during the second phase. The proposed transmission protocol is shown in Figure  2 (c), where the second phase comprises one single time-slot. We adopt amplify-and-forward relaying technique to attain full diversity at high SNR [2] , thus, all relays re-transmit the weighed sum of the respective received symbols in the second phase. Let be = [be,1 ,be,2, '" , be,K] be a precoding vector at Re, and the relay Re forwards te = beY R£ during the second phase. In this work, it is ideally assumed that the global channel state information(CSI) is known at relays. As will be investigated in Sec. III, the set of precoding vectors can be further optimized subject to satisfying total power constraint 
III. JOINTLY DESIGN OF THE PRECODERS AND DECODERS
In our proposed scheme, the relays forward all sources' symbols over a common channel, which is different from most existing cooperative strategies. One challenge of our scheme is that, while estimating the desired symbols at each destination, the signals forwarded through the relay links are interfered by other users' symbols, which is so-called multiple access interference (MAl) . By exploiting the spatial properties of the channel coefficients, the precoders and decoders can be designed to eliminate the interference as well as to attain higher diversity order for all source users. Substituting (2) and (3) into (4), we have In the conventional cooperative network with multiple relays, the relays forwards signal for one source simultaneously using specific cooperative strategy, e.g. distributed beamforming, selective relaying or distributed space-time coding...etc.
When the set of relays cooperates with K sources, it takes K time-slots to forward signals to K destinations respectively, as shown in Figure 2 (b), which leads to a waste of radio
is illustrated in Figure I , where all users are equipped with a simple half-duplex transceiver. In this work, we assume that source users transmits over K orthogonal channels using timedivision-multiple-access (TDMA). It can be easily generalized to any other orthogonal multiple access schemes, e.g. frequency-division-multiple-access (FDMA). The cooperative transmission takes two phases. The first phase comprises K time-slots for each source to transmit signal in the respective slot. Let x = [X1 , X2 , ' " , XK]T be a vector of sources' symbols transmitted at K slots, and E[lxkI2] = Pk is the transmission power of the source S» . During the first phase, the signals received at Re and the destination are given by is illustrated in Figure I , where all users are equipped with a simple half-duplex transceiver. In this work, we assume that source users transmits over K orthogonal channels using timedivision-multiple-access (TDMA). It can be easily generalized to any other orthogonal multiple access schemes, e.g. frequency-division-multiple-access (FDMA In the conventional cooperative network with multiple relays, the relays forwards signal for one source simultaneously using specific cooperative strategy, e.g. distributed beamforming, selective relaying or distributed space-time coding ... etc. When the set of relays cooperates with K sources, it takes K time-slots to forward signals to K destinations respectively, as shown in Figure 2(b) , which leads to a waste of radio resource. Since the destinations have different location, the channel from the set of relays to each destination has a vector form with dimension L. The degree of freedom in spatial domain can be further exploited to provide an efficient transmission. In this work, we propose a multiuser relaying scheme where the set of relays forward signals for all sources simultaneously over a common channel during the second phase. The proposed transmission protocol is shown in Figure  2( c) , where the second phase comprises one single time-slot. We adopt amplify-and-forward relaying technique to attain full diversity at high SNR [2] , thus, all relays re-transmit the weighed sum of the respective received symbols in the second phase. Let be = [be,b be,2, ... , be,K] be a precoding vector at Re, and the relay Re forwards te = beY Re during the second phase. In this work, it is ideally assumed that the global channel state information(CSI) is known at relays. As will be investigated in Sec. III, the set of precoding vectors can be further optimized subject to satisfying total power constraint "E1=1 E[lteI 2 ] :::; PRo The signal received at the destination Dk during the second phase is given by
where hReDk is the channel coefficient of the 
III. JOINTLY DESIGN OF THE PRE CODERS AND DECODERS
In our proposed scheme, the relays forward all sources' symbols over a common channel, which is different from most existing cooperative strategies. One challenge of our scheme is that, while estimating the desired symbols at each destination, the signals forwarded through the relay links are interfered by other users' symbols, which is so-called multiple access interference (MAl). By exploiting the spatial properties of the channel coefficients, the precoders and decoders can be designed to eliminate the interference as well as to attain higher diversity order for all source users. Substituting (2) and (3) into (4), we have (8) where 13k is an arbitrary non-zero constant.
Substituting the decoding vectors in (11) into the average SNR in (10), the optimization is now reduced to
where V is a LK x LK block-diagonal matrix with the f-th diagonal block being HSR.eRxH~R.e + a;IK. The first term in (12) is removed since it is a constant.
Although the precoder vector obtained in (13) is convex, the optimization problem has no closed form and it is rather prohibitive to obtain the optimum solution numerically. To simplify the complexity, we find a suboptimal solution by solving
which is in a quadratic form in both numerator and denominator. It is easy to verify that the optimal decoding vector at Di; is given by
subject to the power constraint bVb H :::; PR, for each user k can be completely decomposed in (10), the optimization can be achieved in two steps: (1) Given the precoding vector b, obtain the optimum decoding factors Ck for Dk' (k = 1,2, ... ,K); (2) Given the decoding factors in terms of b, find the optimum precoding vector b subject to the power constraint in (8).
In the first step, the optimal decoder vector at Dk can be found by where R; = diag( PI, P 2, . .. ,P K) has diagonal terms being the symbol energy of each data symbol. Substituting the decoding factors in (7) to (5) and (6) In the following section, the precoders and decoding factors are designed to maximize the SNR averaged over all estimates in (5) and the set of precoders has to satisfy total power constraint given by
where ot =(T~(1Ic(k)11 2 + C~~l t.llhReDbeI12) , (6) and [c(k)]I:K is a 1 x K vector composed by the first K entries of c(k). It is worthwhile to note that the second term of the estimate in (5) is MAl resulted from the multiuser forwarding at the relays. To eliminate the interference from other users, the decoding factors at Di. (k = 1,2,··· ,K) can be first designate as 
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Note that the rational before the summation is constant and can be omitted for conciseness. Since the precoding factors
That is, if we collect the received signals at all destinations, the ratio of total strength of desired signals over total strength of noises is maximized. 
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is composed of A WGN at all receivers with zero mean and variance ot =a! (1Ic(k)11 2 + C~~1 t.llhRtDb(112) , (6) and [c(k)h:K is a 1 x K vector composed by the first K entries of c(k). It is worthwhile to note that the second term of the estimate in (5) is MAl resulted from the multiuser forwarding at the relays. To eliminate the interference from other users, the decoding factors at Dk (k = 1,2,··· ,K) can be first designate as for k' = 1,···, k -1, k + 1,· .. , K. The design of decoding factors in (7) fully eliminate the MAl, which is the so-called zero-jorcing estimation, and now the the joint optimization problem is reduced to find the optimal precoders {b£, Vi} and the decoding factors {Ck k ) , C~~ll Vk}.
In the following section, the precoders and decoding factors are designed to maximize the SNR averaged over all estimates in (5) and the set of precoders has to satisfy total power constraint given by
where Rx = diag(P1, P2 ,··· ,PK ) has diagonal terms being the symbol energy of each data symbol. Substituting the decoding factors in (7) to (5) and (6), the SNR of the estimate Xk in (5) equals to (8) where 
Note that the rational before the summation is constant and can be omitted for conciseness. Since the precoding factors for each user k can be completely decomposed in (10), the optimization can be achieved in two steps: (1) Given the precoding vector b, obtain the optimum decoding factors Ck for Dk, (k = 1,2, ... ,K); (2) Given the decoding factors in terms of b, find the optimum precoding vector b subject to the power constraint in (8).
In the first step, the optimal decoder vector at Dk can be found by which is in a quadratic form in both numerator and denominator. It is easy to verify that the optimal decoding vector at Dk is given by where fh is an arbitrary non-zero constant.
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subject to the power constraint
where V is a LK x LK block-diagonal matrix with the i-th diagonal block being HSRtRxHifRl + a~IK. The first term in (12) is removed since it is a constant. Although the precoder vector obtained in (13) is convex, the optimization problem has no closed form and it is rather prohibitive to obtain the optimum solution numerically. To simplify the complexity, we find a suboptimal solution by solving That is, if we collect the received signals at all destinations, the ratio of total strength of desired signals over total strength of noises is maximized. The numerator in (15) With simplification mentioned above, the suboptimal criterion in (15) can be expressed in vector form. On the other hand, we usually select the maximum allowable transmit power to achieve the best SNR performance, that is, the equality in (14) usually hods. Thus, the optimization problem is re-written as (MRC) to combine the signals received in both phases. The corresponding outage probability of the source Sk is given by
In the proposed scheme, it takes K + 1 time-slots for the two-phase transmission, as shown in Fig.2(c) , Thus, the outage probability of Sk is given by Pout,k =pr{K: 11og2(1 + 'Yk) <R} , (22) where where r m ax is the eigenvector corresponding to the maximum eigenvalue of H-~AH-~and j,t is a constant to satisfy the power constraint.
and the precoding factors in b are obtained in (19) . When the number of source users increases, the transmission protocol seems more efficient since the rate reduction factor K / (K+1) is closer to one. However, the resource provided by the relays is shared by more sources, which may degrade diversity gain.
The optimal ratio between the number of relays to that of the sources one interested issue for further investigations. Note that when K = 1, it reduces to the conventional cooperation with transmit beamforming strategy. In Figs.3-6 , we compare the outage performances of the proposed scheme with direction transmission and conventional cooperative transmission in terms of transmit SNR and transmission rate. In the computer simulations, all channels suffer Rayleigh fading, the variances of lisen; and lin.o; equal to 1, and the variance of hSkD k, equals to 1/2 3 , for all k, k' = 1,2,··· ,K and f = 1,2,··· ,L. The variance of AWGN is assumed normalized to one. For the cases with cooperation, assume that the transmission power of each source is identical, and the total power at relays are the same as the total power at sources, i.e., Pk = P/ (2K), Vk and P R = P/2. For the direct transmission, we set Pk = P/(2K), Vk, for fairness. In Fig.3 and Fig.4 , the outage probabilities in terms of SNR P/ a; in dB are illustrated for a fixed rate at R = 1 bps/Hz. In Fig.3 , the number of source-destination pairs is K = 4. It is observed from the slope of the curves that the proposed scheme is not able to attain full diversity gain, unfortunately. However, the proposed scheme provides significant coding gain such that it outperform others when transmit SNR is below 14 dB. Similar results can be observed in Fig.4 , where we compare the outage performances with numbers of sources K = 2,or 4 with the relay number fixed at L = 2. When the number of source increases, the outage performance of the proposed scheme degrades since the resource allocated to each source user is decreased.
In Fig.5 and Fig.6 , the outage probabilities of three schemes are compared in terms of the transmission rate R in bps/Hz for a given SNR of P/ a; = 15 dB. In Fig.5 , the number 
IV. OUTAGE ANALYSIS AND COMPUTER SIMULATIONS
To provide a brief glance of the outage performance, we compare the proposed scheme with the direct transmission case and the conventional cooperative strategy. In the direct transmission case, as shown in Fig.2(a) , each source transmits signal during the designated time-slot without the assistance of the relays. In this case, the outage probability of the source Sk given a transmission rate R equals to
In conventional cooperative scheme [2] , the set of relays forwards signal for each source accordingly, as shown in Fig.2(b) . With full CSI at relays, the transmit beamforming strategy is optimum in terms of SNR at the destination [3] , and the destination applies maximum ratio combining = argm:x b(V + Q + U)bH ' subject to satisfying the power constraint bVb H = PRo Since the suboptimal criterion in (18) is in a quadratic form, the maximum value is achieved as where Q is a block diagonal matrix with the i-th block entry being L~=1IhR£D~12IK' and U is a LK x LK matrix with With simplification mentioned above, the suboptimal criterion in (15) can be expressed in vector form. On the other hand, we usually select the maximum allowable transmit power to achieve the best SNR performance, that is, the equality in (14) usually hods. Thus, the optimization problem is re-written as argm: where rmax is the eigenvector corresponding to the maximum eigenvalue of H-! AH-! and /-L is a constant to satisfy the power constraint.
To provide a brief glance of the outage performance, we compare the proposed scheme with the direct transmission case and the conventional cooperative strategy. In the direct transmission case, as shown in Fig.2(a) , each source transmits signal during the designated time-slot without the assistance of the relays. In this case, the outage probability of the source In conventional cooperative scheme [2] , the set of relays forwards signal for each source accordingly, as shown in Fig.2(b) . With full CSI at relays, the transmit beamforming strategy is optimum in terms of SNR at the destination [3] , and the destination applies maximum ratio combining (MRC) to combine the signals received in both phases. The corresponding outage probability of the source Sk is given by
In the proposed scheme, it takes K + 1 time-slots for the two-phase transmission, as shown in Fig.2( c) , Thus, the outage probability of Sk is given by
where and the precoding factors in b are obtained in (19) . When the number of source users increases, the transmission protocol seems more efficient since the rate reduction factor KI(K+1) is closer to one. However, the resource provided by the relays is shared by more sources, which may degrade diversity gain. The optimal ratio between the number of relays to that of the sources one interested issue for further investigations. Note that when K = 1, it reduces to the conventional cooperation with transmit beamforming strategy.
In Figs.3-6 , we compare the outage performances of the proposed scheme with direction transmission and conventional cooperative transmission in terms of transmit SNR and transmission rate. In the computer simulations, all channels suffer Rayleigh fading, the variances of hSkR£ and hR£Dk equal to 1, and the variance of hSkD k , equals to 1/2 3 , for all k, k' = 1,2"" ,K and i = 1,2"" ,L. The variance of AWGN is assumed normalized to one. For the cases with cooperation, assume that the transmission power of each source is identical, and the total power at relays are the same as the total power at sources, i.e., Pk = PI (2K), Vk and PR = P 12. For the direct transmission, we set Pk = PI(2K), Vk, for fairness. In Fig.3 and Fig.4 , the outage probabilities in terms of SNR Pia; in dB are illustrated for a fixed rate at R = 1 bpslHz. In Fig.3 , the number of source-destination pairs is K = 4. It is observed from the slope of the curves that the proposed scheme is not able to attain full diversity gain, unfortunately. However, the proposed scheme provides significant coding gain such that it outperform others when transmit SNR is below 14 dB. Similar results can be observed in Fig.4 , where we compare the outage performances with numbers of sources K = 2,or 4 with the relay number fixed at L = 2. When the number of source increases, the outage performance of the proposed scheme degrades since the resource allocated to each source user is decreased.
In Fig.5 and Fig.6 , the outage probabilities of three schemes are compared in terms of the transmission rate R in bpslHz for a given SNR of Pia; = 15 dB. In Fig.5 Transmit SNR (dB) of source-destination pairs is fixed at K = 4. In this figure, it shows that the increase in relay numbers is significantly helpful to the outage capacity. Moreover, the outage capacities of the proposed scheme are around twice than those of the conventional cooperation scheme. In Fig.6 , the outage probabilities of three schemes are compared for L = 2, and K = 2 or 4. Similarly, it is observed that the enhancement in outage capacities of the proposed scheme is pronounced for
V. CONCLUSION In order to enhance the spectral efficiency of the conventional cooperative strategies, which takes twice time-slots to accomplish cooperation, we proposed a suboptimal set of precoders at relays and decoders at destinations to maximize the average SNR subject to Zero-Forcing criterion and total power constraint. From computer simulations, it shows that, although the proposed scheme is not able to achieve full diversity order, it provides significant improvement on the outage capacity. -e-Conventional,K=4 it shows that the increase in relay numbers is significantly helpful to the outage capacity. Moreover, the outage capacities of the proposed scheme are around twice than those of the conventional cooperation scheme. In Fig.6 , the outage probabilities of three schemes are compared for L = 2, and K = 2 or 4. Similarly, it is observed that the enhancement in outage capacities of the proposed scheme is pronounced for K = 2 or K = 4.
V. CONCLUSION
In order to enhance the spectral efficiency of the conventional cooperative strategies, which takes twice time-slots to accomplish cooperation, we proposed a suboptimal set of precoders at relays and decoders at destinations to maximize the average SNR subject to Zero-Forcing criterion and total power constraint. From computer simulations, it shows that, although the proposed scheme is not able to achieve full diversity order, it provides significant improvement on the outage capacity. 
